THERE has been a tendency for many years now to relegate the concept of duodenal ileus in adults to the limbo of forgotten things. Perhaps one reason why the diagnosis is unfashionable is that those who suffer from the condition often belong to that unhappy band of wanderers whose complaints of vague dyspepsia remain undiagnosed after repeated barium meals and cholecystograms. From time to time some of these patients have a 'bilious attack' and when, after a few days, the attack subsides spontaneously the doctor may be only too thankful and feel disinclined to investigate the patient yet again for fear of making him still more 'introspective'.
The condition is one of extrinsic duodenal obstruction and Wilkie thought that it was due to the superior mesenteric artery being stretched tightly across the duodenum. This theory has now been largely discredited and replaced by one that postulates congenital bands as the obstructing agent; nearly always (89%, Louw, (1956) and Louw (I960) have drawn attention to the occurrence of the condition in adults. This paper reports two adult patients with chronic duodenal ileus who were operated on in a phase of acute duodenal obstruction; both of them had suffered from 'digestive upsets' for many years (26 and I4 respectively) and both were cured by placing the bowel in the position of non-rotation.
Unless a surgeon is familiar with the anomalies of rotation that may occur and their treatment he is liable to be perplexed when suddenly confronted on the operating table with a case of malrotation. At least this was certainly true in the first case reported below and the measures taken on that occasion were impromptu; the second patient also presented unexpectedly but by that time a study of the problems posed by the first case led to the operation being carried out in a more orthodox manner.
Normal Intestinal Rotation
For a full account of the rotation of the gut the reader is referred to the notable article by Dott (1923) At the fourth week the enlargement of the intraabdominal organs is so great that the gut is forced out through the umbilical orifice and into the umbilical sac as a physiological umbilical hernia. Rotation occurs partly there and partly as it returns to the peritoneal cavity.
The first point to note is that it is only the midgut that rotates and this is emphasized in A and C which show how the ring, middle and index fingers press the same bit of pipe cleaner on to the same bit of table-top throughout so that the beginning of the 'midgut', the beginning of the 'superior mesenteric artery' and the end of the 'midgut' remain fixed during the manipulations, as indeed they do in the embryo. The pre-and post-arterial mesenteries have been hatched-in in the diagrams but they have to be imagined in the model. 'B' illustrates how the midgut loop rotates anti-clockwise through three right angles from its initial position in the sagittal plane.
'C' illustrates how the duodenum comes to lie behind the superior mesenteric artery and how it acquires a further covering of peritoneum, namely that of part of the post-arterial mesentery. Nor- (Fig. 3) .
Since every previous attack had subsided without operative interference it was hoped that this one would prove no exception and it was proposed to study the literature about situs inversus partialis mesenterium commune during the expected remission so that the correct treatment could be undertaken at leisure. These hopes were not fulfilled as he suddenly began to produce incre:ising quantities of aspirate and operation had to ble undertaken as an emergency.
Operation. On opening the abdomen through a midline epigastric incision the stomach, which was not noticeably dilated, and the transverse colon presented. The middle colic veins were enormouslv varicose, some of them being as much as i cm. in diameter (Fig. 4) . Something unusual was clearly present so the small bowel, which was of normal calibre and colour, was eviscerated and it then became obvious that a complete midgut volvulus was present. The volvulus was in a clockwise direction. Its turns were matted together, but they were peeled apart until the bowel was free from the duodeno-jejunal flexure to the beginning of the transverse colon and it was then possible to see that it possessed a common unattached mesentery. This long midgut loop was suspended from the superior mesenteric vascular pedicle. As the turns of the volvulus were being unravelled further sizeable varicosities of the tributaries of the superior mesenteric vein were encountered and it was observed that their distribution was patchv.
A rudimentary gastro-colic omentum was divided and a dilated duodenum was seen running behind the superior mesenteric vessels towards the root of the transverse mesocolon which it traversed by way of a narrow aperture with fibrosed and unyielding margins. Lying at a tangent to the duodeno-jejunal flexure there was a curious calcified rod about 2 mm. x 4 cm. whose nature was quite obscure, but which could be seen on some of the X-ray plates when looked for afterwards.
There was no evidence of a duodenal ulcer.
Once the volvulus had been untwisted anxiety was felt about the possibility of its recurrence, for not only was that likely to lead to a recurrence of symptoms but the superior mesenteric vessels would once more be screwed up in the very eye of the volvulus and it seemed only a matter of time before melena resulted from the intestinal varices or, even worse, a more severe obstruction of the vessels resulted in infarction of the gut.
Furthermore, it did not seem wise to leave the duodenojejunal flexure sharply angulated in a rigid tunnel. It was apparent that these difficulties could most readily be overcome by reflecting the hepatic flexure over to the left as it was felt that the resulting widening of the duodeno-colic isthmus would offer the best chance of preventing a recurrence of the volvulus and such a step would also enable the duodeno-jejunal flexure to be freed from its rigid surroundings. But Examination showed a frail old woman who was dehydrated, cyanosed, and somewhat collapsed. Her temperature was normal, her tongue dry and furred, and her abdomen slightly distended and tender, the tenderness being maximal in the right iliac fossa.
Bowel sounds were sometimes normal and sometimes high-pitched. X-rays showed some distension of the small bowel but no free gas under the diaphragm. Subacute high small-bowel obstruction was a possible diagnosis but one of 'senile appendicitis' was considered more probable despite her normal temperature and profuse vomiting.
Operation. After a preliminary period of resuscitation a McBurney incision was made. The peritoneal cavity contained a good deal of turbid green fluid. It was found that the appendix had been removed at her previous operation. The McBurney incision was closed and a right upper paramedian incision made. There was no evidence of peptic ulceration but the duodenum was seen to be dilated to about twice its normal size. To explore the abdomen properly it was necessary to divide the adhesions that bound the small bowel to the ovarian cystectomy scar, but in doing so the bowel was opened in two places. Repair of the holes was unsatisfactory and a foot of small bowel had to be resected. Once this had been done it was possible to eviscerate the whole of the small bowel and it was then immediately obvious that a small bowel volvulus was present. It was reduced by rotating it I8o degrees in an anti-clockwise direction. The viability of the small bowel was unimpaired and there was no congestion of the mesenteric veins. The small bowel was generally, but very moderately, distended. Further exploration revealed that the cmcum and ascending colon (neither of which had taken part in the volvulus) had a mesentery and were fairly freely mobile. It was not a communal mesentery as that of the small bowel had an attachment but this was over rather a shorter distance than usual. There was no recurrence of her ovarian carcinoma.
Her history, the presence of a volvulus, the dilated duodenum and the evident congenital abnormality of the attachment of the mesentery seemed sufficient justification for attempting an extended Ladd operation (Ladd III; Louw, I960) for it was clear that it was nbt the adhesions resulting from her ovarian cystectomy that were responsible for the obstruction since the only really distended part of the small bowel was from the pylorus to the duodeno-jejunal flexure. Accordingly, the mesenteric attachment was divided off the posterior abdominal wall right up to the duodenum and the small bowel rotated en masse in a clockwise direction so that it lay in the position of non-rotation with the duodenum running straight down the right paracolic gutter to the rest of the small bowel that lay mostly in the right iliac fossa. The ascending colon and cacum lay more or less in the midline with the terminal ileum entering the cecum from the right.
Apart from some paralytic ileus she made an uneventful recovery from the operation and was discharged after 22 days. When seen after her return from convalescence she said that she was glad to be rid of the abdominal pain and vomiting that had plagued her for so long although she still suffered from a good deal of wind. She had put on ii lb. (5 kg.) in weight. A barium meal and follow-through showed no evidence of obstruction and that the position in which the bowel had been placed at operation had been maintained.
Discussion
Even those who are born with a major anomaly of volvulus of the entire mesentery collected from the world literature found only 17 patients in the age-group 3 to 27 years. But there is probably an increasing awareness of the condition nowadays for Louw (I960) was able to report 54 cases of duodenal ileus seen over a period of only five years and no less than I9 of them were adults of whom nine had either an acute or chronic volvulus.
The cause of the attacks of intestinal obstruction in Case i was probably an intermittent worsening of the volvulus which, by 'taking up the slack' in the uppermost jejunum, caused a sharpening of the angulation at the rigidly fixed duodeno-jejunal flexure, and it is likely that constant slight tightening and loosening of the volvulus over many years was the cause of the scarring and contraction at the root of the common mesentery. In Louw's (I960) series there were 32 cases of chronic duodenal ileus and in the iI who had an associated chronic midgut volvulus this fibrosis was present.
The rotation of the gut in the first patient had stopped part of the way through the third stage of rotation; that is to say, caecal descent had occurred but adhesion of the mesentery of the right colon to the parietal peritoneum on the posterior abdominal wall had not taken place except over a very short distance at the hepatic flexure. When such a complete failure of fusion September I963 539 POSTGRADUATE MEDICAL JOURNALe 540 occurs the mesenteries of the small bowel and of the right colon are confluent (mesenterium commune) and the midgut dangles from the superior mesenteric vascular pedicle without any other support or attachment. This is a positive invitation to volvulus and although a high proportion of patients with rotational anomalies who :get intestinal obstruction have a volvulus (48%, Louw, I960) it must not be thought that volvulus is a sine qua non of obstruction for many of these cases, both those with volvulus and those without, have adventitious peritoneal bands and adhesions that can cause intestinal obstruction (generally duodenal), and it was a realization of this fact that enabled Ladd (I933) and Ladd and Gross (1941) to revolutionize the surgery of the neonatal obstructions due to these developmental errors. The corollary is that if a volvulus is present a mere untwisting of it is unlikely to prove an adequate operation. What must be done is to demonstrate that the duodenum is free of all extrinsic obstructions. At least this may simply mean dividing congenital batids that obstruct the duodenum as they run laterally across it from an undescended subpyloric cecum (Ladd, 1933) . At most it may be necessary to mobilize the right colon (as for a right hemicolectomy) and, if the root of the mesentery has achieved an attachment, to continue this mobilization over to the left *behind the superior mesenteric vessels and then up over the front of the duodenum. In this way the duodenum carm be seen in its entirety. If the bowel is then rotated in a clockwise direction the duodenum can be straightened out and made to lie in the right paracolic gutter in the position of non-rotation, whilst the colon lies towards the left side of the abdomen (Ladd IV; Louw, I960) . By such a manceuvre the duodenum is free from all constricting agents and the duodeno-colic isthmus is made as wide as possible so that a recurrence of the volvulus is rendered less likely. The operation that was carried out in Case i resulted in complete freeing of the duodenum, but the duodeno-colic isthmus was not materially widened so that recurrence of the volvulus is perhaps a little more likely than if a Ladd II (Ladd and Gross, 194I) (McIntosh and Donovan, 1939 (Case 20) ), but nevertheless the fears felt at operation about the risk of bleeding or thrombosis seem justified on commonsense grounds. The patchy distribution of the varices has already been mentioned and at the time there seemed no obvious explanation for this, but it is possible that it was due to some of the radicles of the superior mesenteric vein being supported externally by virtue of being wrapped up in the volvulus, whilst others, not so well supported, were obliged to dilate in the face of increased venous pressure.
The rotation of the gut in the second patient had proceeded a little further than it had in the first, but the attachment of the mesentery was imperfect as evinced by the fact that it was over a shorter distance than usual and that the right colon had a mesentery. Some weeks after the operation she volunteered that it had been necessary to take her back to theatre a few days after her ovarian cystectomy because 'something had twisted'. Enquiries were made at the hospital concerned but unfortunately the operation notes were missing, but it was clear from the notes that remained that her abdomen was reopened on account of intestinal obstruction and it is tempting to deduce from that and from her use of the word 'twisted' that she had had a small bowel volvulus on that occasion too and that it had been treated by simple untwisting. If this deduction is correct then it would seem that her intestines were predisposed to volvulus.
If malrotation of the bowel is diagnosed as an incidental finding no treatment is required but once the condition has caused symptoms it is unwise to treat the patient conservatively, for of Gardner and Hart's I7 patients with chronic duodenal ileus no less than eight died during acute exacerbations of the attacks from which they had suffered intermittently throughout their lives. Furthermore, as Louw (I960) Those whose intestines are naturally in the position of non-rotation are liable to mid-gut volvulus and yet it is advocated that patients who run into trouble from an incompletely rotated bowel should have their intestines deliberately placed in a position of non-rotation. The explanation of the apparent paradox is that it is only by de-rotating the bowel that one can be certain that no bands occlude the duodenum; the risk of further trouble from undetected bands compressing an incompletely explored duodenum appears to be greater than the risk of a volvulus developing in an artificially de-rotated bowel. This is partly because bands and adhesions are so commonly the cause of the patient's symptoms, partly because widening of the duodeno-colic isthmus that results from de-rotation reduces the likelihood of volvulus, and partly no doubt because the raw areas left in the more extended operations of the Ladd type result in the bowel being anchored by post-operative adhesions.
If the rare condition of reversed rotation should cause obstruction of the right colon then this complication should be treated by cwcostomy (to anchor the cxcum as well as to relieve the obstruction) and this should be followed by a transversesigmoid anastomosis for the condition is not amenable to a sleight-of-hand anatomical correction along the lines of an extended Ladd operation.
Each case must be dealt with on its merits and certainly de-rotation of the bowel is not a universal panacea for all rotational anomalies but it is frequently applicable and it is essential to bear the procedure in mind when considering how best to disentangle an unfamiliar disposition of the bowels, for the exact cause of the intestinal obstruction is seldom apparent until the abdomen has been opened and it is then too late to ponder the problem in a library.
Summary
i. The normal mechanism of the rotation of the bowel and the derangements thereof are outlined.
2. Two adult cases of duodenal ileus associated with malrotation and volvulus are described.
3. The first case was treated in an unorthodox way (end-to-end duodeno-jejunostomy) partly on account of ignorance of how such a case should be treated and partly because massive intestinal varices prevented the performance of what would have been an orthodox operation. The second case, which presented seven months after the first, was treated by an extended Ladd operation. In both the result has been satisfactory.
